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(57) Abatract 

Discloied is a process for purifymg a cesium compound which includes an ionic impurity comprising: calcium, sulfate, n\agncsiurn 
or mixwres thereof comprising: reacting impuritiei comprising calcium, lulfeie, raagneiium or mixtures thereof in a soluaon including the 
solubilized staning cesium compound with suitable precipiuUng agents to form an insoluble precipitate including the Impunty or Impuniics. 
Preferred precipitating agents include barium ion to precipiiaie sulfate Ionic impuriries a& barium sulfate; hydroxyl lon to prccipiutc 
magnesium Ionic impurities as magnesium hydroxide and to precipitate calcium ionic impurities as calcium hydroxide: and caibon dioxide 
or cart>onate ion to precipitate calcium ionic Impuriries as calcium carbonate. Also disclosed is a process for producing a predetermined 
cesium compound. The process comprises treating a cesium-including material with a suitable reagent to dissolve at least a portion of 
the cesium contained in the material and fomi a slurry; adding a base comprising slaked lime or calcium carbonate and, if necessary to 
produce the desired cesium compound, an acid including the anion of the predetermined cesium compound to the slurry comprising the 
dissolved cesium; and separating the predetemiined cesium compound. In one embodiment of the invention, there is provided a process 
for producing a predetenmincd cesium compoimd from an ore comprising cesium aluminosilicate comprising; treating an ore comprising 
cesium aluminosilicate with an acid to form a slurry and dissolve at least a portion of the cesium conuined in the ore; adding a base 
comprising slaked lime or calcium caitonate and a quantity of an acid including the anion of the predetermined cesium compound to the 
slurry comprising dtaaoWed or solubiliied cesium; and separating the prtdetenmined cesium compound. A drilling fluid or heavy medium 
separation fluid comprising a purified cesium compound and having a specific gravity of between about 1.2 g/cm' and about 2.5 g/cm and 
having leas than S5 % by weight of the predecBrniined cesium compound on a aolution basis is also dlKlosed. 
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Process for tho production of cesiun compounds 

Field Of The Invention 

The present invention reUies to processes for purifying ccsmm compounds. 
5 The pre5«m invention also relates to processes for the production or recovery of 
cesium fiora ccsiuro-induding maieiials, preferably in the form of adesircd cesium 
compound such as a cesium salt 

Background of the Invention 
10 Processes for recovering cesium, in the fonn of a cesium comjjound, from 

ceaum-induding materials such as pdludie and other cesium-including minerals have 

been reported in the technical literatuie. 

One process which is reported involves leaching ground poUucite ore with 

strong sulfuric add to obtain an extract including cesium alum, which is recovered by 
IS crystallization. 

Cesium alum is cesium aluminum sulfate hydrate. Its formula can be 

empirically expressed as C8Al(S04)2«12HjO. or C$2S04«Al2(S04)5«24H20. The 

cesium alum contained in or crystallized from the sulfuric acid extracts of pdludte is 

typically contaminated with other metal ions such as nibidium, sodium, potassium, 
20 magnesitun and iron. 

The cesium alum is then redissolved in water at an elevated temperature and 

reacted with an alkaline earth metal hydn»(ide, such as barium hydroxide or caldum 

hydroxide, to form an aluminum hydroxide precipitate together with precipitated 

barium sulfate or calcium sulfate. The cesium alum may alternatively be reacted with 
25 ammonia to predpiuue the aluminum as aluminum hydroxide. The cesium sulfate 

remains in the supernatant solution. The cesium can be recovered from the supernatant 

solution and converted into other oenum compounds. 

U.S. Patent No. 33X7,571 to Beithcrfd discloses a process for producing 

cesium compounds from aTuminosilicate ore. German Patent DE 43 13 480 of 
30 Hoffmann et al. disdoses a process which avoids the use of barium compounds in the 

production of cesium salts from cesium alum. This process results in a produrt 

indtiding calcium sulfate and magnedum. 

One reported use for cesium compounds, such as cesium formate, is in high 

specific gravity drilling fluids for oil and gas wells. Bore hole turnings are known to 
35 slow or stop the drilling process, and in some cases, plug the porous strau of the bore 

hole. Feedback dau on the bore hait condition is limited in the regions of plugged 

strata thereby redudng the effectiveness of the drilling operation. High densi^ fluids 
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having a specific gravity of about 1 .8 and above have been used to convey the turnings 
to the surface. For wells having a depth greater than one mile, zinc bromide and 
mixtures with other salts have been utilized to improve the performance of the fluids. 
However, the nature of these materials renders them somewhat undesirable. One 
5 material which has been mentioned as a replacement for zinc bromide is cesium 
formate. Blends of cesium formate with other alkali metal fonnates are also 
mentioned. See European Patent No, 572 1 13. 

A problem which may occur is theincompatibilityof impurities found in 
cesium compounds such as cesium formate, with the various solutions, viscosifien, 
10 and additives used in drilling fluids. For example, the presence of divalent impurities 
like calcium in cesium compounds may degrade the polymere present in the 
viscosifiers. The presence of divalent impurities is particularly harmful jn high 
temperature and high pressure applications commonly found in deep well drilling 
where the viscosifier f unctions to suspend the bore hole turnings and act as a drilling 
15 luMcant 

Cesium compounds produced by the above described processes, however, do 
not avoid the problem of side reaction precipitates foiming between divalent and 
multivalent caiionic impuriUes and the carbonates present in the drilling environment or 
the corrosion effect of drilling equipment materials caused by sulfate ion impurities. 
20 Therefore, it would be advantageous to have a process for purifying cesium 
compounds produced by commerical processes. 

Funher, there has been a recognized need for a cesium compound having a 
substantially reduced level of divalent and multivalent cation impurities and sulfate ions 
and an improved process for its preparation. 



25 



30 



35 



Summary 9 f the Inven^i^^ n 

The aforemenUoned advantages, and others, aie achieved by the processes of 
the present invention. 

The present invention provides processes for purifying cesium compounds 
produced by heretofore known cesium production processes, and the processes of the 
present invention described herein. The purifying processes of the present invention 
may also be useful in purifying reclaimed cesium compounds, for example 
driUing/well ser%'icing fluids comprising cesium formate. 

The purifying processes of the present invention may be uulized to produce a 
cesmm compound, including but not limited tocesium formate, cesium nitrate, cesium 
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ehloiide, cesiuia iodide, oetium broiaideaDd oeaum aceaie oomprisiog, on a diy 
wdgbi basis ^ 

less than 0.50% of a sulfate group. Jess ihaa 03% of barium, calcium, or 
magnesium including compounds, and Jess iban 0.2% of other multivaleni cationic 
5 impurities. Pirefciably the ceawBeompoimdfuriwr comprises, oa a dry wdght basis, 
less than 0,50% a chloride group and less than 03% of aluminum. The purifying 
processes of the pceseat invention may also be utilized to produce a compound, 
including but not limited to cesium fomiatB, cesittm nitrate, cesium chloride, cesium 
iodide, cesium bromide and cesium acetate comprising, on a dry weight baas: 

^ 1000 parts per millioD (ppm). prcfeiabiy less than 500 ppm. 
moie pzef eiably less than 30 ppm sulfate; 

less than 1000 ppm. preferably Jess than 500 ppm. more preferably 
Ies8than30ppmealcium; 

less than 1000 ppm. preferably Jess than 500 ppm. m<»c preferably 
15 less than iSO ppm barium; and 

less than 1000 ppm. pnsferaWy less than 500 ppm, more preferably 
less than 30 ppm magnesium. 

In a {deferred embodiment, the low impurity levels of purified oesium formate render 
the material particularly advantageous foruse io diiUing fluids. 

In addition the purifying process of the present invention may be utilized to 
produce a oesium sulfate compound comprising 

less than 0.3% of barium, calcium, or magnesium including compounds, and 
less Iban 0.2% of other multivalent cationic impuriues. Preferably the cesium sulfate 
further comprises, on a dry weight basis, less than 050% a chloride group and less 
than 03% of aluminum.The purifyiftg processes of the present invention may also be 
utilized to produce a puriAed cesium sulfatecooqxNmd comprising 

less than 1000 ppm. preferably less than 500 ppm. more ptefeiaHy 
less than 30 ppm calcium: 

less Iban 1000 ppm, preferably less d»a SOO ppm. more preferably 
30 less than 30 ppm barium; and 

less than 1000 ppm, preferably less than 500 ppm. more preferably 
less than 30 j^m magnesium. 

The present invention also provides processes for producing a predetermined 
oesium compound comprising: treating a cesium-including material with a suitable 
35 r«««tlodi*solveatJeastaportionofthecesiumcowaiaedinihemaierialandfonna 



20 
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compound may comprise, on a dry weight basis: 

less than 1000 ppm, preferably less than 300 ppm, more pr f rably 
30 less than 30 ppm sulfate; 

less than 1000 ppm, preferably less than 500 ppm. more preferably 
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slurry; adding a base comprising slaked lime or calcium carbonate and a quantity of an 
acid including the anion of the prcdelcnnincd cesium compound to the sluny, if 
necessary to produce th prcdclennined cesium compound; and separating the 
predetermined cesium compound wherein the separation occurs in the presence of the 
5 remainder of the starting cesium-including material (the starting ccsium-including 
material residues). The predetennined cesium compound may be further purified by 
the process for purifying cesium compounds of the present invention. 

As used herein, the term ''predeteimined cesium compound* means a 
compound produced by combination of free cesium ion and an anion. Examples of 

1 0 cesium compounds which may be pnxluced by the processes of the present invention 
include but are not limited tocesiiim formate, cesium sulfate, cesium chloride, cesium 
iodide and cesium nitrate. As explained in moic detail below, in embodiments of the 
processes of the present invention, cesium sulfate may be produced directly from 
cesium alum without the need to add additional anion. In embodiments of the 

15 processes of the present invention utilized to produce cesium formate, cesium chloride, 
cesium iodide, cesium niu^tc and other predetermined cesium compounds (other than 
cesium sulfate) aquantiiy of an acid including the anion of the predetermined cesium 
compound is utilized. 

In accordance with yet another aspect of the present invention there is provided 

20 a fluid comprising a cesium compound and having a specific gravi ty of between about 

3 3 

1.2 g/cm and about 15 g/cm and having 10% to 100% by weight of the cesium 
compound on a dry salt basis, and less than 85% by weight of the cesium compound 
on a solution basis. Preferably the cesium compound comprises on a dry weight 
basis: 

25 less than 0.50% of a chloride or sulfate group. less than 03% of aluminum, 

barium, calcium, or magnesium including compounds, and less than 0.2% of other 
multivalent cationic impurities. In an al lemaie embodiment of the fluid, the cesium 
compound may comprise, on a dry weight basis: 

less than 1000 ppm, preferably less than 500 ppm. more preferably 
30 less than 30 ppm sulfate; 

less than 1000 ppm, preferably less than 500 ppm, more preferably 
less than 30 ppm calcium; 

less than 1000 ppm, preferably less than 500 ppm, more preferably 
less than 30 ppm barium; and 
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less (han 1000 ppow preferably less than 500 ppm, more prefetably 
less dian 30 ppm magnesiiun. 

The purifying process of the present invention may be advantageously utilized 
to purify cesium compounds produced by heretofore known cesium production 
5 processes, and the cesium production processes of the present invention. 

The cesium production processes of the present invention may be 
advantageously utilized to produce cesium compounds in an economic and efficient 
manner. 

Further details relating to the present invention are described in the following 
10 Detailed Description oT the Invention. 

Brief Description of the Drawings 
In the Drawings: 

Figure 1 is a block schematic diagram of an embodiment of the process for 
15 purifying cesium compounds of the present invention. 

Figure 2 is a block schematic diagram of another embodiment of the process 
for purifying cesium compounds of the present invention. 

Figure 3 is a block schematic representation of an embodiment of a cesium 
producticm process of the invention. 
20 Figures 4A • 4C illustraie block schematic rei^esentations of alternative 

embodiments of various aspects of a cesium production process of the invention. 

Hgure S is a block schematic r^itsenlation of another embodiment of a 
cesium production process of the invention. 

25 Detailed Description of ihe Invention 

The present inventors have found an improved process for purifying cesium 
compounds. The purif>ing process is particularly advantageous for use in purifying 
cesium compounds produced. by a process utilizing lime. The purifying processes of 
the present invention may be carried out on a conunercial scale utilizing conventional 

30 industrial scale mixing vessels and equipment for handling the cesium-including 

materials (e.g., ores) and strong acid and base sdutions. The choice of the particular 
equipment utilized to practice the processes of the present invention is believed to be 
widiin the skill of one of ordinary skill in the art and therefore is not described below. 
According to the present invention, an embodiment of a process for purifying 

35 cesium compounds from a starting cesimn compound which includes an ionic impurity 
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comprising: calcium, sulfate, magnesium or mixtures thereof comprises: reacting 
impurities comprising calcium, sulfate, magnesium or mixtures thereof present in a 
solution including the solubilized starting cesium compound with suitable precipitating 
agents to form an insoluble precipitate including the impurity or impurities. Preferred 
5 precipitating agents include barium ion to precipitate sulfate ionic impurities (,SOJ') as 
barium sulfate; hydroxy! ion to precipitate magnesium ionic impurities as magnesium 
hydroxide and to precipitate caldum ionic impurities as calcium hydroxide; and carbon 
dioxide or carbonate ion to precipitate calcium ionic impurities as calcium carbonate. 
The insoluble precipitates may be separated from the purified cesium compound by 
10 conventional techniques such as filtering and/or other suitable physical separation 
techniques, for example centrifugation. In an embodiment of the process of the 
present invention depicted schematically in Figure 1, the impurities in the solution 
including the solubilized starting cesium compound aie first reacted with barium ion 
and hydroxyl ion precipitating agents and the resulting solution is reacted with carbon 
1 5 dioxide or carbonate ion to precipitate any remaining calcium ionic impurities. 

The source of barium ions and the source of hydroxyl ions may be the same or 
different Suitoble sources of barium ions include: barium hydroxide and soluble 
barium salts having an ion in common with the cesium compound being purified, for 
example barium formate in a process for purifying cesium formate. A preferred source 
20 of barium ions is barium hydroxide. The barium ion source is employed in an amount 
sufndent, and reacted under conditions sufficient to precipitate at least a portion of Uie 
impurities. Preferably the barium ion source is employed in an amount, and reacted 
under conditions, sufficient to precipitate all or substantially all of the impurities. In a 
more preferred embodiment of the purifying process of the present invention, barium 
25 ionsareaddcd in an amount approximately equal to the stdchometric amount of sulfate 
ions determined to be in the solutioa When barium hydroxide is utilized as the barium 
ion source, the insoluble precipitates may include barium sulfate, calcium hydroxide 
and/or magnesium hydroxide, depending on whether sulfate, calcium and magnesium 
ions are present in the starting cesium compound. The inventors note that it is possible 
30 to form insoluble precipitates utilizing less than 0. 12 kilogram of barium hydroxide is 
added to the solution per I kilogram of starting cesium compound contained in the 
soluttoit. 

Suitable sources of hydroxyl ions include: barium hydroxide, alkali hvdroxides 
and calcium hydroxide with barium hydroxide being preferred. The hydroxy! ion 
35 source is employed in an amount sufficient, and reacted under conditions sufficient to 
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precipitate at least a portion of the impurities. Preferably the hydroxyl ion source is 
employed in an amount, and reacted under conditions, sufficient to precipitate all or 
substantially all of the impurities. In a preferred embodiment of the purifying process 
of the present invention, hydroxyl ions arc added in an amount sufficient to raise the 
5 pH of the resulting solution to 1 1.5 or greater. In accordance with the process of the 
present invention, when the pH of the resulting solution is raised to 1 1.5 or greater, 
magnesium ions in the solution will precipitate, when the pH of the resulting solution 
is raised to greater than 13, calcium ions in the solution will precipitate. 

As indicated above, the purifying process of iht present invention may further 
10 comprise reacting carbonate ions or carbon dioxide with the solution including the 
solubilized starting cesium compound to form an insoluble precipiute including at least 
a portion of any calcium ions remaining in the solution. Suitable carbonate ion sources 
include, but are not limited to, alkali carbonates such as cesium carbonate, potassium 
carbonate or sodium carbonate. The carbonate ion source is employed in an amount 
15 sufficient, and reacted under conditions sufficient to precipitate at least a portion of the 
calcium ions remaining in the solution. Preferably the carbonate ion source is 
employed in an amount, and reacted under conditions, sufficient to precipitate all or 
substantially all of the calcium ions remaining in the solution. 

In general, the extent to which the purification of the cesium compound is 
20 carried out is dependent on the end use application for the purified cesium compound. 

The foregoing process steps of the process for purifying a cesium compound 
of the present invention are panicularly well suited to purifying cesium compounds 
such as cesium fomiate, cesium chloride, cesium iodide, cesium nitrate, cesium 
bromide or cesium acetate. These cesium compounds, and others such as cesium 
25 sulfate, may be produced from cesium-including materials, including naturally 

occurring minerals or ores, such as pollucite, solutions including cesium aluminum 
sulfate, and other materials, eg,, spent catalysts or residues comprising cesium 
fluoride or cesium sulfate. 

A solution including solubilized cesium formate, cesium chloride, cesium 
30 iodide, cesium nitrate, cesium bromide or cesium acetate may be produced by a 
process of the present invention comprising: 

treating a cesium-including material with a suitable reagent to dissolve 
at least a portion of the cesium contained in the material and form a slurry comprising 
cesium alum, cesium sulfate or cesium flucride; 
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adding a base comprising slaked lime or calciunn carbonate and an acid 
including an anion of cesium formate, cesium chloride, cesium iodide, cesium nitrate, 
cesium bromide or cesium acetate to the slurry to fonm solubilized cesium forroate, 
cesium chloride, cesium iodide, cesium nitrate, cesium bromide or cesium acetate; and 
S separating the solubilized cesiam compound solution in the presence of 

the remainder oT the staitingoesium-induding material. 

An alternate embodiment of the purifying process of the present invention is 
prefeired for purifying a cesium sulfate compound. This alternate embodiment is 
depicted schematically in Rgure 2. 

10 According to the present invention, a process for purifying cesium sulfate from 

a stanfng cesi um sulfate compound which includes an ionic impurity comprising: 
calcium, magnesium or mixtures thereof comprises: reacting impurities comprising 
calcium, magnesium or mixtures thereof present in a solution including the.solubilized 
starting cesium sulfate compound with suitable precipitadng agents to fonn an 
15 insoluble precipitate including the impurity or impurities. Preferred precipitating 
agents include hydroxy! ion to precipitate magnesium ionic impurities as magnesium 
hydroxide and to precipi tate caldura ionic impurities as calcium hydroxide; and carbon 
dioxide or carbonate ion to precipitate calcium ionic impurities as calcium carbonate. 
The insoluble precipitates may be separated from the purified cesium compound by 
20 conventional techniques such as filtering and/or other suitable physical sepaiation 
techniques, for example cenuifugation. In an embodiment of the process of the 
present in>'ention depicted schematically in Figure 2, the impurities in the solution 
including the sol ubiiized starting cesium compound are first reacted with an hydtoxyl 
ion precipitating agent and the resulting solution is reacted with carbon dioxide or 
25 carbon ion to precipitate any remaining calcium ionic impurities. 

Suitable sources of hydroxy! ion (bases) include hydroxides of a metal selected 
from group 1 A and 2A of the Periodic Table of the Elements and mixtures thereof. 
For e>ample the source of hydraxyl ion (base) may comprise lime, slaked lime, 
potassium hydroxide, sodium hydroxide, cesium hydroxide or a mixture thereof, with 
30 slaked lime being preferred. The hydroxyl ion source is employed in an amount 

sufficient, and reacted under conditions sufficient to adjust the pH of the solution to an 
extentsoastoprecipitateatleastaportionoftheimpurities. In accordance with the 
process of the present invention, when the pH of the resulting soluUon is raised to 
1 1.5 or greater, magnesium ions in the solution will predpttate. 
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As indicated above, this embodiment of the purifying process of the present 
invention may further comprise reacting carbonate ions, or carbon dioxide, with the 
solution including the solubtlized starting cesium sulfate to form an insoluble 
precipitate including at least a portion of any calcium ions remaining in the solution. 
5 Suitable carbonate ion sources include, but are not limited to, alkali carbonates such as 
cesium carbonate, potassium carbonate or sodium cajtx>nate. The carbonate ion 
source is employed in an amount sufficient, and reacted under conditions sufficient to 
precipitate at least a portion of the calcium ions remaining in the solution, Preferably 
the carbonate ion source is employed in an amount, and reacted luider conditions, 
10 sufficienttopredpitaieallorsubstantiallyallofthecaldumio^^ 
solution. 

A adution including solubilized cesium sulfate may be pioduced by a process 
of the present invention comprising: 

treaii ng a cesium-including material with a suitable reagent to dissol ve 
IS at least a portion of the cesium contained in the material and form a slurry comprising 
cesium alum; 

adding a base comprising slaked lime or calcium carbonate to the slurry 
comprising dissolved cesium to form a solubilized cesium sulfate compound; and 
separating the solubilized cesium sulfate compound solution in the 

30 presence of the remainder of the starting cesium-including material. 

The purifying processes of the present invention may be utilized to purify 
cesium compounds produced by a process of the present invention or by other cesium 
compound production processes. In many cesium production processes the solution 
comprising the solubilized cesium compound will exist at a stage in the production 

25 process prior to sepamtion and recovery of the cesium compond. A purifying process 
of the present invention may be ped^ormed at this stage as part of the cesium 
production process. If necessary, in other applications of a purifying process of the 
present invention, a solution comprising the solubilized cesium compound may be 
formed by solubilizing the cesium compound utilizing known techniques. 

30 The purifying processes of the present invention may be utilized to produce a 

cesium compound, including but not limited to cesium formate, cesium nitrate, cesium 
chloride, cesium iodide, cesium bromide and cesium acetate comprising, on a dry 
weight basis: 

less than 0.50% of a sulfate group, less than 0.3% of barium, calcium, or 
35 magnesium including compounds, and less than 0.2% of other multivalent cationic 
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impurities. Preferably the cesium compound further wmprises^ on a diywdgta 
less than 0.50% a chloride group and less (ban 0-3% of aluminum. 

The purifying processes of the present invention may also be utilized to 
produce a cesium compound, including but not limited to cesium formate, cesium 
nitrate, cesium chloride, cesium iodide, cesium bromide and cesium acetate 
comprising, on a dry weight basis: 

less than 1000 parts per million (ppm). preferably less than 500 ppm. more 
preferably less than 30 ppm sulfate; 

less than 1000 ppm, prefeiably less than 500 ppm, more preferably less than 
30 ppm calcium; 

less than lOOQ ppm, preferably less than 500 ppm, more preferably less than 
30 ppm barium; and 

less than 1000 ppm. preferably less than 500 ppm, more preferably less than 
30 ppm magnesium. 

In addition, the purifying process of the present invention may be utilized to 
produce a cesi urn sulfate compound comprising: 

less than 0,3% of barium, calcium, or magnesium including compounds, and 
less than 0.2% of other multivalent calionic impurities. Preferably the cesium sulfate 
further comprises, on a dry weight basis, less than 0,50% a chloride group and less 
than 0.3% of aluminum. The purifying process of the present invention may also be 
utilized to produce a cesium sulfate compound comprising: 

less than 1000 ppm, preferably less than 500 ppm, more preferably less than 
30 ppm calcium; 

less than 1000 ppm, preferably less than 500 ppm, more preferably less than 
30ppmbariiun;and 

less than 1000 ppm, preferably less than 500 ppm, more preferably less than 
30 ppm magnesium, 

In accordance \s iih another aspect of the invention there is provided a high 
specific gravity fluid which comprises an aqueous mixture on a dr>' salt basis of 
between 10 and 100% of a cesium compound which has been purified in accordance 
with one of the processes of the present invention. The high specific gravity fluid 
produced has varied applications including use as a drilling fluid or in mineral 
extraction processes. The high specific gravity fluid contemplated by this invention 
has a specific gravity of between 1,2 g/cm^ and about 15 g/cm^ and on a dry salt 
basis and comprises less than 0.50% (by weight) of chloride or sulfate anions; less 
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than 03% (by weight) of materials such as aluminum, barium, calcium, or magnesium 
including compounds; and less than 0.2% (by weight) total of other multivalent 
catiomc impurities. In a preferred embodiment the cesium compound comprises: 

less than 1000 ppm, more preferably less than 50O ppm, even more preferably 
S less tbao30 pi»tt sulfate; 

less than 1000 ppm, more preferably less than 500 ppm, even more preferably 
less than 30 ppm calcium; 

less than 1000 ppm, more preferably less than 500 ppm, even more preferably 
less than 30 ppm barium; and 
10 less than 1000 ppm, more preferably less than 500 ppm, even more preferably 

less than 30 ppm magnesium. 

In another aspect of the present invention, the present inventors have also 
found an improved process for preparing cesium compounds from cesium-including 
raaierials. including naturally occurring minerals or ones, such as polluciie, solutions 
15 including cesium aluminum sulfate, and other materials. e.g., spent catalysts or 
residues comprising cesium fluoride or cesium sulfate. 

The cesium production processes of the present inwntion may be carried out 
utilizing conventional industrial scale mixing vessels and equipment for handling the 
cesiura-including materials (e.g., ores) and strong add and base solutions. The choice 
of the particular equipment utilized to practice the processes of the present invention is 
believed to be within the skill of oneof ordinaiy skill jn the art and therefore is not 
described below. 

One embodiment of a process of the present invention comprises treating a 
cesium-including material with a suitable reagent todissolvc at least a portion, and 
preferably all or nearly all. of the cesium contained therein and form a slurry, adding a 
base comprising slaked lime or calcium carbonate, adding an acid including the anion 
of a predetermined cesium compound to the slurry comprising dissolved cesium if 
necessary to produce the desired cesium compound, reacting the mixture to produce 
the predetermined cesium compound and separating the predetennined cesium 
compound from the mixture in the presence of the'remainder of the starting cesium- 
induding material. Preferably, as part of the separaUon step or steps, the 
predetermined cesiuih compound is further purified to remove at least a portion of any 
remaining trace impurities. 

With reference to an embodiment of the invention illustrated in Figure 3 a 
cesium-including material, such as polludte ore. and an add suitable for digesting the 
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ore and dissolving at least the cesium present therein are combined to fomi a slurry. 
Suitable adds include, but are not limited to, mineral acids (e.g., sulfuric add) and 
hydronuoric, hydrobromic, and hydrochloric adds. Water may also be added to assist 
in the dissolution of (he cesium and any aluminum and other alkali metals that may be 
5 present in the ore. To further assist in dissolving the cesium and any odier alkali 
metals and aluminum in the ore, the ore may be comminuted prior to its being 
combined with the add. In a preferred embodiment, the ore is ball milled to 
approximately -200 mesh partide size. 

In one embodiment the amount of acid mixed with the ore is equal to or in 
10 excess, preferably greater than 1 10%, of the stoichiometric amount of acid 

theoretically required to dissolve all of the cesium and any aluminum and'or other 
alkali meial(s) present in theore. (The cesium, aluminum, and alkali metal content of 
the ore can be adequatdy detenntned by assaying the ore.) In another embodiment of 
the process of the present invention, a45% (by wdght) sdution using 93% (by 
15 wdght) sulfuric acid is empk>yed in a ratio of between 0.2 to 0.8 in kilos of ore per 
liters of acid solution. 

As will be appreciated by those skilled in the art, the add used to form the 
slurr>' may be a single acid or a mixture of acids. The amount of add and/or the choice 
ofthc acid or acid mixture is dependent on the composition of the ore or residue 
20 material from which cesi um is being extracted. While the following examples and 
discussions refer to polludte ore. as used hcrdn. the term "cesium-induding 
materials" shall indudc any naturally occurring cesium-including minerals or ores, as 
well as other solids or liquid maimals comprising cesium, induding process residues 
such as spent catal>'8t material. 
25 In a preferred embodimau, cesium alum is formed as an intermediate in the 

process. Formation of the cesium alum inteiraediate requires the presence of sulfate 
ions and aluminum ions. If the add or add mixture does not include sulfuric acid, a 
source of sulfate ions can be added to fadlitate the formation of a cesium alum 
intermediate. If the cesium-induding material does not include aluminum, a source of 
30 aluminum ions can be added to facilitate cesium alum formation. 

As shown in Figure 4A, the acid may be recyded into the ore digestion vessel 
which will reduce the amount of add that is used. 

The digestion of the ore and acid mixture is preferably conducted under 
conditions and for a time period suffidem to extract a sufficient amount of cesium 
from the ore to render the overall process commerdany effident. More preferably, the 



35 



W09d>3143S 



PCTA}S96mtiS7 



13 

reaction is permitted to continue until at least approxiniately 90% of the cesium is 
dissolved from the ore» as may be dctcnnined from analysis of the spent ore. In one 

, embodiment of the invention, the reaction of the ore and add is conducted with hot 
sulfuric acid at a temperature of Trom about 1 15* C to about 200* C, and preferably at a 
5 temperature of approximately 120* C. The reaction (or digestion) period is preferably 
at least 4 hours, and more preferably ippioximatdy 16 hours. When a shorter 
digestion period or a lower sulfuric acid temperature is employed^ cesium dissolution 
from the ere is less complete. During the reaction, the hot digestion liquor becomes 
increasingly more paste-like in consistency. Additicmal water may be added to 

10 maintain the original volume of the mixture. If the evaporated water is not replaced the 
slurry may eventually solidify. Optionally, the original volume of the mixture can be 
maintained by refluxing. When aluminum is present in the ore, the ore/sulfuric acid 
slurry comprises solubilized cesium aluminum sulfate (also referred to herein as 
cesium alum), fonned from the cesium dissolved from the ore. When an excess of 

1 5 acid is present after achieving the desired level of digestion, the slurry may optionally 
be diluted with water and cooled to approximately 30* C to crj'stallize cesium alum. 
The remaining sulfuric acid in the mixture is preferably decanted and recycled; and the 
remaining spent ore and cesium alum can optionally be reslunied. (See again Figure 
2A). . 

20 Rcslunrying may be accomplished by adding water to the spent ore and cesium 

alum. The solubility of the cesium slum in the reslurry is primarily a function of water 
volume and temperanire employed and therefore the conditions for recr>'siallizing the 
cesium alum may be readily determined by those skilled in the art. In a preferred 
embodiment, the temperature of the reslurry after water addition is approximately 100* 

2S C. 

Referring lo Figure 4B, those of ordinary skill in the art u ill recognize that 
cesium alum and ultimately the predetermined cesium compound may be further 
purified at this point in the process by recrystallizing the solubilized cesium aluminum 
sulfate in the slunry for further processing. The recrystallization process may be 
30 repeated as many limes as desired to further purify the cesium alum. 

Referring again to Figure 3, a base comprising slaked lime or calcium 
carbonate and optionally, an add including the anion of the predetermined cesium 
compound are added to the slurry- and spent ore. either together or sequentially in 
either order, to adjust the pH to about 4 to about 9. If a cesium sulfate compound is 
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the desired product of the process, the addition of acid is not necessaiy as cesium 
sulfate may be separated directly from the cesium alum. 

Theslakedlim is prepared by contacUng lime (calcium oxide) with water 
("staking"). The "slaidng" leactioD is provided by equaUon (1). 

(1) CaO + HjO —> Ca(0H)2. 
By preslaking the lime, the pH can be controlled so that the level of aluminum and 
caldura impuriUes in the solubilized cesium compound are mifiimizcd. 

In a prefeired embodiment, the base comprises slaked lime. The slaked lime is 
allowed to react with the sluny and acid under conditions sufficient, and for a 
sufficient time period, to allow precipitation of aluminum, any silicaand/or iron 
dissolved in the liquid component of the slurry. As provided above, to achieve the 
predpitaiionof the aluminum hydroxide, surficient base is added to the mixture to 
achieveapH in the rangeof about 4 to about 9. Ina more preferred embodiment, base 
asadded u> achieve a pH of about 7 to about 8. In this more preferred pH range. 
15 substantially complete precipitationof solubilized aluminumisobtained. 

After the slaked lime is added, the spent ore. precipitated aluminum hvdroxide. 
and preapitated calcium sulfate are separated from the mixttire including the ' 
solubilized cesium ions. The sepaiaUon may be accomplished by any known means 
such as by filtering. 

20 In accordance with the invention, the spent ore or undissolved portion of the 

cesjum-including material is utilized as a filtration aid for separation of aluminum 
hydroxide which is formed by the addition of base to the acid digested ore or treated 
ccsium^nduding material. The use of the spent ore or undissol ved material improves 

"^ra^rationrateofthealuminurahydroxideihatisfonnedasu'ellaseasingthe 
washabiUty of the solids to maximize cesium recovery. Inclusion of the spent ore also 
wjproves compressibility and dewaiering of solids. 

In another preferred embodiment, slaked lime and calcium carbonate are 
employed together. The slaked lime and calcium carbonate, whether used alone or in 
combimiuon. may also be used with one or more additional bases comprising an ion of 
30 ametal selected from groups lA (alkali metals) and 2A (alkaline earth metals) of the 
Periodic Table of the Elements and mixtures thereof. Examples of such additional 
bases include KOH. NaOH. K^Op,. Na,cp„ RbOH. Rb,CC^. UOH. U.CO, 
Mg(OH)2. MgCO,. CS2CO3. and CsOH. 

35 whioH .'^'^'''''''"^'''''^•^"^"^P'^^^^hepredetem^ 

35 «'i«ch.,addediothesluny(anda„yoptionalresluny)dependsontheparticuir 
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cesium compound(s) desired, For example, if wie desires to produce cesium nitrate, a 
combination of slaked lime and nitric acid are added in an amount sufHcimt to adjust 
the pH of the mixture to approximately 7 to 8. It is believed that the reaction proceeds 
according to equation (2) and that sirailar reactions will occur with other acids: ■ 

5 . ■ 

(2) CsAl(S04)2 ■•• 2Ca(OH)2 + HNOj + SHjO •> CsNOj + 

A](OH),-I'2CbS04.2H20 
As discussed above, the addition of a sulfate anion in acid fwin, is not necessary to 
produce cesium sulfate since the sulfate ion will already exist in the cesium alum 
10 . induding solution. 

Examples of acids suitable for use in preparing a predetermined cesium 
compound (or cesium salt), include butare not limited io the acids set forth in Table 1: 



Table 1: Adds/Cesium Compounds 



Acid Added 


Cesium Comoound Product 


Nitric Acid (HNO3) 


Cesium Nitrate (CsNOj) 


Formic Acid (HCOOH) 


Ces! urn Formate ( CsCOOH) 


Fbnnic Acid (as calcium fonnate) 
(Ca(OOCH)2) 


Cesium Formate (CsCOOH) 


Hydrochloric Acid (HCl ) 


Cesium Chloride (CsCI) 


Hydrobromic Acid (HBr) 


Cesium Bromide (CsBr) 


AceUcAcidCHCjH-^Oj) 


Cesium Acetate (CsC2H30^) 


. Hydroiodic Acid (HI) 


Cesium Iodide (Csl) 



As will be recognized by those of ordinaiy skill in the art. Table I provides a 
list of examples of acids that can be used and is not to be construed as a complete or 
exhaustive list of suitable acids. Rather, suitable acids include any acids which will 
react with the cesium ions to yield the cesium compound desired as the end pioduct. 

As will also be recognized by those of ordinary skill in the art from Table I , it 
is possible to substitute certain salts for the add. For example, as shown, caldum 
f ormate may be added instead of fcHinic add to produce a cesium formate end product. 

Referring to Rgure 4C, as part of the separation and recovery step, the 
solubilized cesium compound may be purified or "polished' to remove trace impurities 
according to an embodiment of the purifying process of the present invention. As 
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depicted in Rgure 40, sdubJc compounds of barium and soluble compounds of 
carbonate (or carbon dioxide) may be added to the solution mixture including 
soluWUzed tons of cesium and (he anion of the piedetennined cesium compound. 
Typically, for purposes of polishing, less than 0. 12 kilogram of barium hydroxide is 
5 added per 1 IdlogFam of cesium compound contained in the solution. Insoluble barium 
sulfate, calcium hydroxide, and magnesium hydroxide fonned as a i^ult of the 
polishing step may be removed by filtration. Residual calcium ions in solution may be 
removed through the addition of alkali carbonates such as cesium carbonate, potassium 
carbonate, or sodium carbonate, or by treabnent with carbon dioxide, to precipitate 
10 insoluble calcium carbonate. The alkali carbonate « employed in an amount sufficient 
to precipitate all calcium iohs present in the solution mixture. The extent to which the 

purification of the predeteiTOined cesium compound iscamed out is dependent on the 
end use application for the cesium compound. 

After polishing, the solution including the dissolved cesium compound has an 
15 elevated pH of greater than 1 1. In order to improve the recovciy of the cesium 
compound, an additional quantity of add (of the tj'pe employed to form the 
predetermined cesium compound) is added to adjust the pH of the solution to a desired 
pH. The desired pH is dependent upon intended use or application. The cesium 
compound may then be recovered or separated. e.g.. by driving off the water through 
20 heating. 

In the process of tiie invention, the predetennined cesium compound can be 
recovered as a solid or in solution, or as a solid or solution mixture including the 

predctcrrained cesium compound and one or more compounds comprisingadilTerent 
metal (eg., alkali meals) and the anion of the predetermined cesium compound. 

25 ^^^^^ingnow to Figure 5, there is Ulusuated an embodiment of the present 

inxtmon wherein the base comprising slaked lime or calcium carbonate and acid 
including the anion of the predetermined cesium compound are added after the ore/acid 
digestion slurry has been treated with a first quantity of base. As discussed above and 
Illustrated in Figure 3. ore which has been preferably ground to a mesh of -oqq is 
30 mixed or contacted with a suitable acid (e.g.. sulfuric acid) and water in a process tank 
for dissolution of cesium and aluminum from the ore. The quantity of acid utilized in 
this step is preferably at least a stoichiometric quantity with respect to group 1 A 
elements of the Periodic Table of Hements and aluminum conuuned in the ore Water 
may be added to maintain the original volume. While not shown, the embodimem of 
35 the mventionillustmted in Rgure 5 may funher include codin- the hot digestion slurry 
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to obtain cesium alum and spent ore to crystallize the cesium alum, decanting the 
supernatant liquid which may include excess unreacted acid, and reslurrying the 

crystallized cesium alum and spent ore in water. Even if no excess add is present, the 
crystallization and resluny steps may be perfonned. 

5 Referring again to Figure 5, the first quantity of base is mixed with the hot 

digestion slurry or alternatively, with the resluny of cesium alum and spent ore, to 
adjust the pH to about4 to about 9. The base comprises an ion of a metal selected 
from groups 1 A and 2A of the Periodic Table of the Dements (e,g., slaked lime, 
caldura carbonate, lime, potassium hydroxide, sodium hydroxide, potassium 

0 carbonate, sodium carbonate) and mixtures thereof. The base is allowed to i«act with 
the sluny oraltematively, the resluny under conditions suffidcnl, and for a suffidcnt 
time period, to allow precipitation of the aluminum as aluminum hyditsxide 
(Al(OH)3); toaJIow predpitation of any silica and iron dissoivecl in the sluny or 
resluny and to allow the formation of solubilized cesium sulfate. It is believed that the 

5 piedpitadon generally proceeds according to the reacticai illustrated in equation (3): 

(3) 2aA 1(804)2 + 3Ca(OH)2 + fiHjO • -> 

2Al(OH)3 ♦ 3CaS04 • 2H,0 + CsjSO^ 

3 After the addition of slaked lime and the foimatioh solubilized cesium 

sulfate, the prindpal undissolved solids, e.g., precipitated aluminum hj-droxide, 
precipitated caldum sulfate, and spent ore, arc separated from the liquid component of 
the mixture. The liquid component indudes crude cesium sulfate. The separation may 
be accomplished by any means known to the ait. such as by filtering. 

5 The inventors have discovered that the spent ore facilitates the filtering. 

washing, and dewaiering characteristics of the precipitated A 1{0H)3 and CaS042H20 
cake much like the enhanced filter throughout achieved by adding granular silica as a 
filtering aid. 

A second base comprising slaked lime or caldum carbonate and an acid 
> induding an anion of the predetermined cesium compound are then added to the 
solubilized cesium sulfate. The reaction mechanism proceeds in accordance with the 
mechanism identified in equation (4) bdow: 



(4) CSJSO4 + 2HCOOH + CaO + H^O -—> 2CsCOOH + 
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A slight excess of slaked lime can be added to achieve a pH sufficient to 
precipitate as magnesium hydroxide at least a portion, and preferably all or nearly all, 

5 ofmytrace quantities of soluble magnesiuni present in the mixture to faci^^ 
removal known separatioa techniques. 

The acid is selected to contain iheanionof the cesium compound desired as an 
end product Examples are set forth in TaWe 1. 

The second base may further include base(s} comprising an ion of a metal 
10, selected from groups lA and 2A of the Periodic Table of the Elements and mixtures 
thereof. For example, the second base may comprise slaked lime or caldura 

carbonate, or slaked lime and/or calcium carbonate and one or more of thefollowing 
bases: potassium hydroxide, sodium hydroxide, potassium carbonate and sodium 
carbonate. 

To further purify the cesium compounds obtained by this embodiment, an 
embodiment of the purif)ing process of the present invention may be utilized in the 
same manner as discussed above. 

After poUshing (purifying), the solution including the dissolved cesium 
compound has an elevated pH of greater than 1 1. In order to improve the recoveiy of 
the cesium compound, an additional quantity of acid (of the type employed to form the 
predeieraiined cesium compound) is added to adjust pH of the solution to a desired 
pH. The desired pH is dependem upon intended use or application. The cesium 
compound may then be recovered or separausd, e.g.. by driving off the water through 
healing. 

In the process of the invention, the predetermined cesium compound can be 
recovered as a solid or in soluUon, or as a solid or solution mixture including the 
predetennined cesium compound and one or more compounds comprising a different 
metal (c.g.. alkali metals) and the anion of the predetermined cesium compound. 

A range of cesium compounds of varying composition and purity which have 
been purified or produced and purified in accordance with the present invention are 
suttable for use as drilling fluids or heavy medium separation fluids. Alternatively, 
salts of other metiUs such as sodium or potassium can be cofonned witii tiie 
predetermined cesium compounds by adding such ions to the solution mixtures 
comprising solubilized cesium at any step of the process. For example, in one 
embodiment, a cesium formate is produced by the process of the invention and sodium 
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fonnate or potassium foimale are oo-fonncd therewith in order to produce a mixed salt 
product The composition of the salt or salt mixture produced is dependent ai the 
anion of the acid and catlon(s) of the basc(s) utilized and the amounts thereof which 
are reacted with the solubilized cesium sulfate or with the solubilized cesium alum. 
5 The features of the invention arc further disclosed and represented by the 

following non-limiting Examples. The high specific gravity fluid may further 
comprise compounds of sodium or potassium where the anion of the compound is the 
same as that of the cesium compound included in the fluid. 

Chemical analysis of the cesium compounds \\'as performed using 
10 conventional gravimetric analysis, emissions spectrographic analysis and atomic 
absorption techniques, readily known to those skilled in the art. 

Example^ 

This example illustrates the jwoduction of cesium formate via a one step 
15 reaction and the purifying of the cesium fonnate utilizing a process of the present 
invention. 

A 4 titer glass beaker was loaded with 444 grams of ground poliucite ore of 

nominally -200 mesh, 670 ml water, and 310 ml 98% by weight H3SO4. This 

represents about an 82% excess of acid above the stoichiometric requirements for 
20 dissolution of alkali metals and aluminum from the ore. The mixmre was continually 

mixed while healing at approximately 1 15* C for 16 hours. The leach volume was 

maintained by adding water« 

After 16 hours, the slurry was diluted to a volume of 2200 ml with water, 

reheated to about 80-90* C, then cooled to room temperature. A decant of 940 ml was 
25 taken to remove most of the remaining unreacted H2SO4 acid. Nine hundred (900) ml 

of water were than added to resluny the spent ore and cr>*stallized cesium alum and the 

reslurry mixture was then heated to 80* C with stirring, 

A sluin* of slaked lime, made from 185 grams of calcium oxide and 700 ml 

water, was added to the heated resluny mixture of cesium alum and spent ore along 
30 with 30 ml of 88% (by weight) formic add. After these additions, the pH of the 

resulting mixture was 7.5. The mixture was heated to about 70' C and stined for I 

hour. 

The liquid component of the mixture (which contains the solubilized cesium 
fonnate) was then separated from the spent ore and the A 1 (OH)3 and CaS04 
35 precipitates by niirauon. The niicred residue weighed 736 grams on a dry wdght 
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Rb 


9300 ppra 


K 


500 ppm 


Na 


7900 ppm 


U 


90 ppm 


Ca 


20 ppm 


CI 


300 ppm 


SO4 


<J0Oppm 


Al 


50 ppm 


Ba 


50 ppm 


Fe 


4 ppm 


Mg 


1 ppm 



25 



The overall cxiraction yield was approximately 85%. 

88CZ, .K^**' "'''^"^ ^^•'^ "^'"^ a minimal amount of 

^^(bywe,shOronnicacid(le.a«nlml)to^^^ 

01 53 ml. uhich had a density of Z2Q g/ml (approximately 79% CsCOOH). 
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This example also illustiutes the production of cesium fonnate and the 
purifying of the cesium fonnate utilizing a process of the present invention, 

A 4 liter glass beaker was loaded with 444 gnuns of pollucite ground to *200 
5 mesh, 670 milliliicrs (ml) water, and 310 ml 98% H2SO4. The mixture was mixed 
and heated to approximately 1 15* C for 16 hours. The leach volume was maintained 
with added water. 

After 16 hours, the slurry was diluted to a volume of 2200-2500 ml with 
water, reheated, then cooled to roam temperature. A decant of 1 135 ml was udcen to 
10 remove most of the remaining H2SO4 acid The lemaining ce^um alum plus spmi ore 

was itslunied with approximately 800 ml water, and heated to i^>proximately 70^ with 
stirring. 

A slurry of slaked lime made from ISO grams of calcium oxide in 
approximately 500 ml water was added and a pH of 7-8 was obtained. The slurry was 
15 mixed for I and 1/2 hours at 90* C, cooled to 60* C, and then filtered lo separate the 
insoluble solids including aluminum hydroxide, calcium sulfate, and spent ore. On a 
dry basis, the insolubles separated from the slurry weighed 675 grnrns. 

The resulting C82SO4 filttate plus wash water was heated to 70* C, and a 

mixture of 20 grams of calcium oxide in 100 ml of water, and 28 ml 88% (by weight) 
20 fomiic acid was added with mixing. An additional slurry of 2 grams calcium oxide in 
minimal water was added to raise the pH to above 1 1.5 to precipitate magnesium 
hydroxide. 

The mixture was heated to 70* C and mixed for 1.5 hours, followed by 
nitering and washing of the collected solids with water. The cesium formate filtrate 
25 was then puriAed by the following steps: 

The cesium fonnate filtrate was mixed with 20 grams Ba(0H)2 • 8 H2O to 

remove residual SO^'"^ ions as BaSo^, and then with 20 grams CS2CO3 to remove 
r^dual calcium as CaC03 . The BaS04 precipitate was filtered out prior to the 
treatment with CS2CO3. After the CaCO^ precipitate was filtered out; the final puriHed 

30 or polished CsCCXDH filtrate was analyzed and detennined to have the following 
chemical make-up: 

Rb 6000 ppm 
K 270 ppm 
Na 4500 ppm 
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u 


25ppm 


Ca 


45ppin 


a 


415 ppm 


SO4 


<80ppm 


Al 


2Sppm 


Fe 


5ppm 


Ba 


100 ppm 


Mg 


3 ppm 



The overall exiraction yield was approximately 80%. 
10 The cesium formate filtrate was mixed with a minimal amount of 88% formic 

acid (by weight) (less than 1 ml) to adjust the solution to a pH of between 6 and 7. 
The cesium formate filtrate was evaporated to a final volume of 42 mis; which had a 
density of 234 g/ml (approximately 83% CsCOOH). 

15 Example^ 

This example illustrates the ^Dduction of cesium sulfate and the purifying of 
the cesium sulfate utilizing a process of the present inveatitaL 

A 4 liter glass beaker was loaded with 444 grams of pollucite ground to -200 
mesh. 670 mis water, and 3 10 ml 98% HJSO4. The mixture was mixed and healed to 
20 approximately 11 5* C for 1 6 hours. The leach volume was maintained with added 
water so that an acceptable solids to liquids ratio was maintained. After 16 hours, the 
slurry was diluted to a volume of approximately 1800 mis with water, reheated, and 
then cooled to room temperature. A decant of 960 nUs was taken to remove most of 
the remaining HjSO^ acid. The remaining cesium alum plus spent ore was reslunied 
with approximately 1000 mis water, and heated to about -80' C with sUrring. A slurry 
of slaked lime composed of 160 grams of calcium oxide in approximately 300 mis 
water ^vas added to heated solution of cesium alum and spent ore to achieve a pH of 
7.5. The slurry was mixed for 2 hra. at 80* C, cooled to 60* C. and filtered. The 
aluminum hydroxide, calcium sulfate and spent ore, on a dry basis, weighted 723 
grams. The resulung CS2SO4 filtrate plus wash water was heated to 70^ C, and mixed 
with 25 grams CsjCOj was added to remove residual calcium as CaCOj . CsOH was 
added in lieu of calcium hydroxide to raise the soluUon pH to 12 in order to precipitate 
Mg as Mg(OH)2. After the CaCOj and Mg(0H)2 precipitates were filtered out. the 
final CS2SO4 filtrate analyzed. The overall extraction yield was approximately 
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80%. The final C$2S04 liquor analyzed on adry cesium sulfate basis had the 
roUowing chemicai make-up: 



Rb 


7330 ippm 


K 


1020 ppm 


Na 


5640 ppm 


U 


85 ppm 


Ca 


17ppro 


A) 


5 ppm 


Fe 


1 ppm 


Mg 


170 ppm 


Si 


75 ppm 


Ba 


<10 ppm 



10 



The nnal cesium sulfate ftltmie was further treated by adding a few drops of a 
cesium hydroxide soluUon (50% by weight) to the filtrate and then refiltering the 
15 treated filtrate using Whatman fine filter paper. This additional treatment of the filtrate 
further reduced the magnesium content from 170 ppm to less than 10 ppm. 

This example illustrates the production of cesium nitrate and the purifying of 

20 the cesium nitrate utilizing a process of the present invention. 

A 2500 gallon process tank was loaded with 350 gallons water and 175 gallons 
93% technical grade H2SO4. Two thousand (2000) pounds of pollucite ore ground to 
-200 mesh were added with mixing The mixture was reacted at approximately 1 15*- 
120'C for 16 hours. The leach volume was maintained with added water. After 16 

25 hours, the slurr>' was diluted to a volume of about 2000 gallons with water, reheated 
to 90'C, then cooled to room temperature. A decani of about 1500 gallons was taken 
to remove most of the remaining HjSO^. The remaining cesium alum plus spent ore 
was reslurried with about 1400 gallons of water, heated to90'C with agitation, and 
filtered through a filter press to remove the spent ore. 200 gallons of water was also 

30 sent throt^ the filter press was a washing step. The hot cesium alum solution 

including wash water was evapomted to a volume of about 1300 gallons, and allowed 
to cod to room temperature. A decant of about 1000 gallons was taken. The cesium 
alum was recr^-siallized a second time for furtherpurificaiion. The purified cesium 
alum reslurried in 1000 gallons water and heated. A slurry of 266 pounds of calcium 

35 hydroxide slaked in ap(»oximately 125 gallons water was added to the purified 
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rcsluny to achieve a pH of 8. L The slurry was mixed for approximately 1 hour at 
80*C, cooled to about 60*C, and filtered. The result CS2SO4 filtrate plus water was 
heated to about 80*C, and a slurry of slaked lime comprising 80 pounds of calcium 
hydroxide in 125 gallons of water, and 199 pounds of 70% HNO3 was added with 
5 mixing. ihepHof the mixture was measured to be >1 1.5 The mixture was stirred 2 
hours, followed by filtering to remove insolubles such as calcium sulfate, calcium 
hydroxide, and magnesium hydroxide. The CsjNOj filtrate was evaporated to about 
400 gallons. About 65 pounds of Ba(0H)2 -SH^O was added to remove residual 

SO/^ as BaSO^, Then, 30 pounds Cs^COj was added to remove residual calcium as 
10 CaCp3. After barium sulfate, calcium hydroxide, and calcium carbonate were filtered 
out as precipitate, the CsNQj filtrate was pH adjusted to about 7 with HNO3 , and 
heated to evaporate water. The result product was 3 12 pounds of CSNO3 crystals. 
The dried CSNP3 contained the following chemical make-up: 



Rb 


225 ppm 


K 


Ippm 


Na 


2ppin 


L 


<1 ppm 


Al 


<1 ppm 


Ba 


25 ppm 


a 


8 ppm 


Mg 


<1 ppm 


Si 


Ippm 


SO4 


<100ppm 


a 


<50ppm 


Example^ 





This example illustraics ihc producticm of cesium sulfate and the purifying of 
ihe cesium sulfate utilizing a process of the present invention. 

A 2500 gallon process tank was loaded with 350 gallons water and 175 gallons 
9i% technical grade HjSO^. This amounted to an 80% excess of H2SO4 over the 
stoichiometric requirements. 2000 pounds of pollucite ore, ground to -200 mesh was 
added with mixing, the mixture was reacted at approximately I ir C-120*C for 16 
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hours. The leach volume was maintained with added water After 16 hours, the 
slurry was diluted to a volume of 2000 gallons with water, healed to 90'C, then cx>oled 
to room tcropcraiurc, A decant of 15000 gallons was taken to remove most of the 
remaining H2SO4. The remaining cesium alum plus spent ore was reslurried with 
5 1400 gallons of water, healed to 90*C with agitation, and filtered through a filter press 
to remove the spent ore, A 300 gallon quantity of water at about 100*C was also sent 
through the filter press as a wash. The hot solution of cesium alum sulfate including 
was water was evaporated to a volume of about 1300 gallons, and allowed to cool to 
room temperature, A decant of about 1000 gallons was taken, (first recrysiallization 

1 0 purification). The cesium alum was recrystallized a second time for f unher 

purification. The purified cesium alum was mixed and healed to between 80*C and 
90*C with 1000 gallons water. A sluny of slaked lime comprising 264 pounds of 
calcium hydroxide in approximately 125 gallons of water was added to purified arjd 
heated cesium alum to raise the pH to greater Chan 9. Two liters of reagent H2SO4 was 

15 added to adjust the pH to 8.5. The slurry was mixed approximately 1 hour at 80*C, 
cooled to about 60*C, and filtered. A second quantity of approximately 4 ponds of 
lime were added to obtain a pH >12. The CS2SO4 liquor was evaporated to a 
approximately 300-400 gallons, and 15 pounds of C52CP3 was added to remove 
residual calcium as calcium carbonate. After the insoluble were filtered out the 

20 CS2SO4 solution was evaporated to a 50% soluticHi. The overall yield was 

approximately 70%. The CS2SO4 anal>'zed on a dr^' cesium sulfate basis contained: 



Rb 


475 ppm 


K 


38ppm 


Na 


165 ppm 


U 


4 ppm 


AI 


10 ppm 


Ca 


7 ppm 
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20 ppm 


Fe 


5 ppm 


Mg 


<1 ppm 


St 


20 ppm 







This example illustrates the purification of cesium sulfate solution including 
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approximately 0.6 grams per liter calcium and approximacely 0. 1 grams per liter 
magnesium accoiding to a process of the present invention. On a dry cesium sulfate 
basis, this represents approximately 7O0O ppm calcium and approximately 1000 ppm 
magnesium. 

Approximately 1600 gallons of dilute cesium sulfate solution (5-10% C52SO4) 
were mixed with 8 pounds of lime (slaked) to raise the pH from 7.4 to 12.8 The 
mixture was evaporated to a volume of 300-WX) gallons, and the cesium sulfate liquor 
was decanted from setUed precipitated solids. 18 pounds of cesium carbonate were 
added to precipitate residual calcium ions as calcium carbonate. The purified cesium 
sulfate solution was filteied 10 remove lesidual Mg(OH)2 and CaCO,. The cesium 
sulfate was evaporated to a final volume of approximately 150 gallons. The final 
cesium sulfate liquor analyzed on a dry cesium sulfate basis had the following 
<di«nicalinalGe-up: 

Ca 16ppra 
Mg ippm 



10 



20 



25 



30 



35 



Example? 

Thisexampleillusuxues the purification of cesium formate solution including 
>5 grams per liter Sulfate. >1 grams per liicr calcium, and approximately 0.05 grams 
per liter magnesium according to a process of the present invention, On a dry cesium 
formate basis, this represents>S% Sulfate. >l% Calcium, and approximately 600 
ppm magnesium. 

Approximately 1300 gallons of dilute cesium formate soluuon (5-10% 
CsCOOH) were mi.xed uith 30 pounds of lime (slaked) to raise the pH from 7. 1 to 
>12. The mixture was evaporated toa volume of appmximately 500 gallons, and the 
cesium formate liquor was filtered to remove predpiuited Mg(QH)3 and CaSO^. The 
cesium formate filtrate was heated to >60 'C and 1 10 pounds of BMOH^^H^O were 
added. The precipitated BaSO, and Ca(OH), were removed by filtration. Residual 
soluble calcium ions were precipitated from the cesium formate filtrate as calcium 
carbonate by addiuon of 2 pounds potassium carbonate. The precipitated calcium 
carbonate was removed by filtration, and the cesium fom«te was evaporated to a 

90% fomuc acd was added to adjust the pH of the final cesium formate liquor to 
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between 8 and 9. The final cesium fonnate liquor analyzed on a dry cesium formate 
basis bad tbe following cberoical make-up: 

Ca <lOppm 

Mg <1 ppm 
5 SO4 200 ppm. 

It should be clearly understood that the forms of the present invention herein 
described are illustrative only and are not intended to limit tbe scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A process forpurifying a starting cesium compound which includes an 
ionic impurity comprising; calcium, sulfate, magnesium or mixmres thereof the 
process comprising: reacUng impuriUes comprising calcium, sulfate, magnesium or 
mixtures thereof present in a solution including the solubilized starting cesium 
compound with suitable precipitating agents to fonn an insoluble precipitate including 
6 the impuriiy or impurities. 



1 
2 
3 
4 
5 



1 



1 



1 



2- The process of claim I wherein the ionic impurities comprise.sulfate and the 



2 precipitating agent comprises barium ion. 



3. The process of chum I or 2 wherein the ionic impurities comprise 



- magnesium and the predpitaUng agent comprises bydroxyl ion, 

1 4. The pnxess of claims 1-3 wherein the ionic impurities comprise calcium 

2 and the precipitating agem comprises hydroxy! ion. 

1 5. The process of claims 1-4 wherein the ionic impurities comprise calcium 

2 and the precipitaUng agent comprises carbonate ion or carbon dioxide. 



6. The process of claim 2-5 wherein the source of barium ion and hydroxyl 
loa comprises barium hydroxide. 



1 '^P'^°'"cJ«m2^wheieinthesourceofcarbonaieioacomprisesan 

2 alkali carbonate. 

1 8. The process of claims 1-7 wherein the starung cesium compound comprises 

- cesmm formate, cesium niimte. cesium chloride, cesium iodide, cesium bromide or 

3 cesium acetate. 

1 9 The process of claims 1-8 wherein the starting cesium compound has been 

- P'^*^**' by a producUon process utilizing lime. 



W09&ai435 PCT/yS9d«4687 

29 

1 10. The process of claims 2-9 wherin the barium ions are added in an amount 

2 approximately equal to the stochiometric amount of sulfate ions in the solution 
, 3 including the solubilized starting cesium oompound. 



1 
2 



1 1. The process of claims 3- 10 wherein the hydroxyl ions are added in an 
amountsufTident to raise the pH of the solution including the solubilized starting 



3 cesium oompound to 1 1.5 or above. 



1 12. A process for purifying a starting cesium sulfate compound which 

2 tncludes an icMiic impurity comprising: calcium, magnesium or mixtures Aereof the 

3 process comprising: reacting impurities comprising calcium, magnesium or mixtures 
4 

5 



thereof present in a solution including the solubilized starting cesium sulfate compc^und 
with suitable pcedpttating agents to fomi an insoluble precipitate induding the impurity 
6 orimpurities. 

1 13. Theproccssof claim 12whereintheionicimpuritycomprisesmagnesium 

2 and the precipitating agentcoraprises hydroxyl ion. 

1 "^^^ process of claims 12- 13 wherein the ionic impurities comprise 

2 calcium and the precipiuiUng agent comprises hydroxy! ioa 

1 15. The process of claims 12-14 wherein the ionic impurities comprise 

2 calcium and the predpittiting agent comprises carbonate ion or carbon dioxide. 

1 16. The process of claim 13-15 wherein the source of hydroxyl ion comprises 

2 an hydroxides of a metal selected from group lA and 2AofthePteriodic Table of the 

3 Elements and mixtures thereof. 

1 17. The process of claim 15- 16 wherein the source of carbonate ions 

2 comprises an alkali carbonate. 

J 18. The process of claims 13-17 wherein hydroxyl ions are added in an 

2 amount sufficient to raise the pH of the solution including the solubilized starting 

3 cesium sulfate to 11.5 or above. 



WOM/3143S 



PCTAISMMMM? 



30 

1 19. A cesium compouivd produced by the process of any or claims 1* 1 1 

2 comprising: 

3 including less than 0.50% of a sulfate group, less than 03% of barium» 

4 calcium, or magnesium including compounds, and less than 0.2% of other multivalent 

5 cationicimpuhdes. 

1 20. A cesium compound produced by the process of any of claims 1-11 

2 comprising: 

3 less than 1000 ppm sulfate; 

4 less than 1000 ppm calcium; 

5 less than 1000 ppm barium; and 

6 less than 1000 ppm magnesium. 

1 21. Acesiumsulfatecompoundproducedby the process of any of claims 12* 

2 18 comprising: 

3 less than 0.3% of barium, calcium, or magnesium including compounds, and 

4 less than 0.2% of other multivalent cationic impurities. 

1 22. A cesium sulfate compound produced by the process of any of claims 12- 

2 18 comprising: 

3 less than 1000 ppm calcium ; 

4 less than 1000 ppm barium; and 

5 less than 1000 ppm magnesium. 

1 23. The process of claims 1*1 1 wherein the solution including the solubilized 

2 starting cesium compound is produced by a proems comprising: 

3 treating a cesium-including material with a suitable reagent to dissolve 

4 at least a portion of the cesium coniaincd in the material and fonn a slurry comprising 

5 cesium alum, cesium sulfate or cesium fluoride; 

6 adding a base comprising slaked lime or calcium carbonate and an add 

7 including an anion of the desired starting cesium compound to the si unr>' comprising 

8 dissolved cesium to form a solubilized cesium compound; and 

9 sq;)araiing the solubilized cesium compound solution in the presence of 
10 the remainder of the starting cesium-including material. 
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1 24. The process of daims 12-18 wherem the solution including the sdubilized 

2 starting cesium sulfate is produced by a process comprising: 

3 treating a cesium-induding material with a suitable reagent to dissolve 

4 atleastaportonoftbccesiumconiainediathematerialandformasluiTycomprisi^ 

5 cesiuraahun; 

6 a^*<liiig a base comprising slaked Ume or caldum carbonate to the slurry 

7 compriang dissolved cesium to fona a solubilized cesium sulfate compound; and 
S separating the sdubilittd cesium sulfate compound sdution in the 
9 piBsenceoftheremainderofihestarfttgccaum^ndudingmateiial. 

1 25, AnuidhavingaspedficgravityofbetweenabouiI.2g/cm'andabout 

2 2.5 g/cm' comprising: an aqueous mixture on a dry salt basis, comprising between 

3 about 10 and 100% of a cesium formate indoding less than 0.50% of a ehlonde or 

4 sulfate group, less than 03% of aluminum, barium, caldum. or magnesium induding 
compounds, and less thaaO.2% of otbermuliivalenicaiionic impurities. 



5 



1 26. Tl» fluid ofcUdm 25 wherein U» cesium foimatecomiKises: 

2 less than 1000 ppm sulfate; 

3 less than 1000 ppm calditm; 

4 leas than 1000 ppnx barium; and 

5 less than 1000 ppm magnesium. 

1 27. A drilling fluid in accordance with daim 25 wherdn the cesium foimaie 

2 «<i4e fluid funher comprises about 10 to 90% potassium focmate and/or sodium 

3 fonnate* 

1 28. AdrilliagfluidinaccordanceWithdaim27whcrdntbefonnate 

2 compounds are coformed 

1 29. A coformed mixture comprising a predetermined cesium compound 

2 including less than 0.50% of a chloride or sulfate group, less than 03 % of aluminum. 

3 caldum, or magnesium compounds and less ihan 0.2% of othcrmultivalem ion 

4 impurities and a compound comprising a different metal and the anion of the 

5 prBdeteiained cesium compound. 
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1 30. Inaprtxessforprodacingapredetenninedcesiuracompoundw^^^^^ 

- ^^si'^nj-.nciudmg material is ireated with asuitable reagent todissolve at least a 

' 3 Ponionofthec«iumooniainedinthemateria]andronnaslunycompri$irigcesium 

4 alum, cesium sulfate or cesium fluoride, undissolved solids are separated from tbe 

5 slurry and wherein a base comprising slaked lime or calcium carbonate and an add 

6 including an anion of the desired starting cesium compound are added to the filtrate 

7 ««nprising dissolved cesium to fom, the predetermined cesium compound which • 

8 includes an ionic impurity comprising: calcium, sulfate, magnesium or mixtures 

9 thereof , the improvement comprising; 

10 purifying the cesium compound by reacting impurities comprising calcium 

1 sulfate, magnesium or mixtures thereof in a solution including the solubilized cesiiim 

1. <i«nP<>«ndwiih5uitabkpiedpitatingagenisiofoimaninsdublepred 

13 ^inipuri^ or impurities. 



wo 9631435 




FCT/US9AM687 



2/4 





SlfBSnnUE SHEET (HlttE26) 



PCrAJS96/046«7 



4/4 




SUBSimHE SHEET {B|Jli26) 



INTERNATIONAL SEARCH REPORT 



»PC 6 C01D17/0Q C09K7/G2 C07C51/41 



Inlcr. .•NUlAypliMMllNtt 

PCT/US 96/04687 



B. F1BLD5 SEARCHED ■ 



««BttltoWldidOCMBIW«WllldUdtdmtll« «ri«l. ..^l.Tlltir 



C. DOCUMENTS CONilDEJtED TO BE RELEVANT 



US.A.3 207 571 (C.E.BERTHOLD) 21 September 

cited in the application 
see the whole document 
IDEM 



Tluka 1995/96- , FLUKA XP0O2OO7924 
see page 349 - page 352 

EP,A»0 572 113 (BP CHEH INT LTD) 1 

Decefflber 1993 

cited In the application 

see the whole document 

• ■ • 

./- 



Sptfui CAteionf f of autf docwncntt : 
^ ISSSai^ta^K^* n»u of the irt wtaeh ii not 
^' w/iT^S^' "^^"^ on or e(Ur u>c mun»40oiuJ 



R(U%«M (o cUuD No. 



1.2,6. 
19-24,30 



12 

19-22 
25-29 



FUhK riinly manbn m luicd in annn. 



Ut^rtfocumcnCpuhlidM^ 

cr pnonty 4«tc md not in amnict with Hit apdiolun but 



16 July 1996 



vcr/iiA/ai iMM thM^ im) 



cunoi M conadeNd novel or cuimh b< conadervd id 
wvolvt an in^tve tup wtKn (he document ti ukcn al«n« 
SS^Hi^E!^*: «i«v*n«: the d«ime4 invtMiOA 

m-jji, n*ch combfu&on bcin» obvtoui u> « penon itollcd 
^ocumeni Biember of the mmim pACcnt fwnily 



19.08.96 



Van der Poel, W 



INTERNATIONAL SEARCH REPORT 



C<Co«»touiacw> OOCUME^ CONSIDERED TO BE RELEVANT 



Inia. joitAppliuBoaNe 

PCT/US 96/04687 



CM|M)r 



Otttcn of MoBMitt, with rndtetDM, whec lypravnw, oT Uw rtltvant vmfu 



R«ltvmttDdiinN«k 



US.A»3. 489 509 (JOHNSON IRWIN E) 13 
January 1970 

see the whole document 

DE,C,43 13 480 (HETALLGESELLSCHAF7 AG) 14 
April 1994 

cited in the application 
see the whole document 



l-3.5,8» 
9a9-24» 
30 



1.9.23. 

30 



INTERNATIONAL SEARCH REPORT 

intomuoon on p^itni ttmlf monbcn 



Inui. .(xui AppUcAiioa No 

PCT/US 96/Q4687 



Piuni documtnt 
cited In irvch rvport 


PubUaUen 


Paitni faintly 
mcniber(«) 


Publictiiien 
ditt 


US-A-3207571 


21-09-65 


NONE 






EP-A-0572113 


01-12-93 


DE-0- 
OE-T- 
NO-A- 


6930G541 
69300541 
931495 


02-11-95 
21-03-96 
30-11-93 


US-A-3489S09 


13-01-70 


NONE 







DE-C-4313480 



14.04-94 



AU-B- 
BR-A- 
CA-A- 
UO-A- 
EP-A- 
FI-A- 
HU-A- 
NO-A< 
PL-A- 
ZA-A- 
ZW-A- 



6679294 
9406214 
2161245 
9425422 
0695286 
955049 
72014 
954134 
311231 
9402813 
4994 



21-11-94 

09- 01-96 

10- 11-94 
10-11-94 
07-02-96 
23-10-95 
28-03-96 
17-10-95 
05-02-96 
23-10-95 
23-11-94 



